Raman spectroscopic study of the minerals diadochite and destinezite Fe3+2(PO4,SO4)2(OH). 6H2O: Implications for soil science by Frost, Ray & Palmer, Sara
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Frost, Ray L. & Palmer, Sara J. (2011) Raman spectroscopic study of the
minerals diadochite and destinezite Fe3+2(PO4,SO4)2(OH)•6H2O – im-
plications for soil science. Journal of Raman Spectroscopy, 42(7), pp.
1589-1595.
This file was downloaded from: http://eprints.qut.edu.au/42535/
c© Copyright 2011 Wiley
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
http://dx.doi.org/10.1002/jrs.2883
1 
 
Raman spectroscopic study of the minerals diadochite and destinezite 1 
Fe
3+
2(PO4,SO4)2(OH)·6H2O – implications for soil science 2 
     
 3 
Ray L. Frost 

  and Sara J.  Palmer 4 
 5 
Chemistry Discipline, Faculty of Science and Technology, Queensland University of 6 
Technology, GPO Box 2434, Brisbane Queensland 4001, Australia. 7 
 8 
ABSTRACT 9 
   
 10 
The two minerals diadochite and destinezite of formula Fe2(PO4,SO4)2(OH)·6H2O have 11 
been characterised by Raman spectroscopy and complimented with infrared 12 
spectroscopy.  These two minerals are both found in soils and are identical except for 13 
their morphology. Diadochite is amorphous whereas destinezite is highly crystalline. 14 
The spectra of diadochite are broad and ill-defined, whereas the spectra of destinezite 15 
are intense and well defined. Bands are assigned to phosphate and sulphate stretching 16 
and bending modes. Two symmetric stretching modes for both the phosphate and 17 
sulphate symmetric stretching modes support the concept of non-equivalent phosphate 18 
and sulphate units in the mineral structure.  Multiple water bending and stretching 19 
modes imply that non-equivalent water molecules in the structure exist with different 20 
hydrogen bond strengths.  21 
 22 
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INTRODUCTION 26 
 27 
The mineral destinezite is a hydrated hydroxy phosphate of ferric iron with some sulphate 28 
substitution of formula Fe2(PO4,SO4)2(OH)·6H2O with the iron in the ferric state 
1-4
.  The 29 
mineral 
3
 is triclinic with cell parameters = 9.584Å, b = 9.748Å, c = 7.338Å, α = 93.07°, β = 30 
95.78°, γ = 105.32°.   According to Peacor et al. 3 the  crystal structure consists of infinite 31 
chains of Fe(O,OH,H2O)6 octahedra, sulphate tetrahedra and phosphate tetrahedra linked by a 32 
unique system of vertex sharing. The chains are weakly bonded into layers by hydrogen 33 
bonding between OH and H2O of the Fe(III) octahedra and oxygen ions of the sulphate 34 
tetrahedra 
3
. Layers of tetrahedral/octahedral chains alternate with sheets of H2O molecules. 35 
Peacor et al. 
3
 state that the structure resembles hydrated clay minerals, with H2O molecules 36 
that act as hydrogen bond donors and acceptors to oxygen atoms of adjacent slabs. The 37 
mineral has a clay-like appearance under the SEM. The amorphous form of the mineral is 38 
called diadochite and is commonly regarded as a colloidal mineral 
2, 5-7
.  This no doubt 39 
defines why the composition of the mineral is open to question at least in terms of the number 40 
of waters of hydration, for example Fe2(PO4,SO4)2(OH)·5H2O.  Indeed it is not known 41 
whether the two minerals are identical or not.  The mineral is yellowish brown to reddish to 42 
brownish black and all colours in-between.  The mineral may ion exchange with many 43 
cations and as a consequence the colour varies.  The name "destinezite" is given to samples 44 
that are crystalline, triclinic Fe2(PO4,SO4)2(OH)·6H2O and "diadochite" to earthy, poorly 45 
ordered, X-ray amorphous materials that approximate destinezite in composition.   46 
 47 
The mineral is diagenetically related to delvauxite  CaFe
3+
4(PO4,SO4)2(OH)8·4-6H2O, which 48 
is also amorphous or possibly triclinic 
8-10
.  These minerals are formed through the reaction of 49 
acid sulphate solutions with already formed phosphate minerals.  Because of the known and 50 
ill-defined structure of these minerals it is very important to undertake structural studies. Due 51 
to the amorphous nature of diadochite the application of vibrational spectroscopy is very 52 
important.  The minerals are found in caves and in soils 
3, 11
, and act as a sink for both sulphur 53 
and phosphorus in soils. Further the minerals have been found in old or ancient burial sites.  54 
Some vibrational spectroscopic studies of the two minerals diadochite and destinezite have 55 
been undertaken 
12, 13
.  However, no assignment of bands was undertaken 
4, 14
 and the spectra 56 
were simply reported without any explanation. There is a vital need to study the molecular 57 
structure of these minerals in more detail as it is not known whether these minerals are 58 
identical or not. 59 
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 60 
Raman spectroscopy has proven very useful for the study of minerals. Indeed Raman 61 
spectroscopy has proven most useful for the study of diagenetically related minerals as often 62 
occurs with minerals containing sulphate and phosphate groups, such as destinezite, 63 
diadochite and delvauxite.  Raman spectroscopy is especially useful when the minerals are X-64 
ray non-diffracting as the minerals do not satisfy the Bragg conditions as is found for 65 
diadochite. This paper is a part of systematic studies of vibrational spectra of minerals of 66 
secondary origin in the oxide supergene zone. In this work we attribute bands at various 67 
wavenumbers to vibrational modes of diadochite and destinezite using Raman spectroscopy 68 
and relate the spectra to the structure of the mineral.  69 
 70 
Experimental 71 
 72 
Mineral 73 
The mineral destinezite originated from Argenteau, Visé, Liège Province, Belgium 74 
and was supplied by The Mineralogical Research Company as well as diadochite, which 75 
originated from Alum Cave Bluff, Great Smoky Mts, Sevier Co., Tennessee, USA.  76 
 77 
Raman spectroscopy 78 
 79 
Crystals of destinezite or diadochite were placed on a polished metal surface on the stage of 80 
an Olympus BHSM microscope, which is equipped with 10x, 20x, and 50x objectives. The 81 
microscope is part of a Renishaw 1000 Raman microscope system, which also includes a 82 
monochromator, a filter system and a CCD detector (1024 pixels). The Raman spectra were 83 
excited by a Spectra-Physics model 127 He-Ne laser producing highly polarised light at 633 84 
nm and collected at a nominal resolution of 2 cm
-1
 and a precision of ± 1 cm
-1
 in the range 85 
between 100 and 4000 cm
-1
. Repeated acquisition on the crystals using the highest 86 
magnification (50x) were accumulated to improve the signal to noise ratio in the spectra. 87 
Spectra were calibrated using the 520.5 cm
-1
 line of a silicon wafer.   Further details of the 88 
technique have been published 
15-21
. 89 
 90 
Infrared spectroscopy 91 
 92 
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Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer with a smart 93 
endurance single bounce diamond ATR cell. Spectra over the 4000525 cm-1 range were 94 
obtained by the co-addition of 64 scans with a resolution of 4 cm
-1
 and a mirror velocity of 95 
0.6329 cm/s. Spectra were co-added to improve the signal to noise ratio.   96 
 97 
Band component analysis was undertaken using the Jandel ‘Peakfit’ (Erkrath, 98 
Germany) software package which enabled the type of fitting function to be selected and 99 
allowed specific parameters to be fixed or varied accordingly. Band fitting was done using a 100 
Lorentz-Gauss cross-product function with the minimum number of component bands used 101 
for the fitting process. The Lorentz-Gauss ratio was maintained at values greater than 0.7 and 102 
fitting was undertaken until reproducible results were obtained with squared correlations ( r
2
) 103 
greater than 0.995.  Band fitting of the spectra is quite reliable providing there is some band 104 
separation or changes in the spectral profile.   105 
 106 
RESULTS and DISCUSSION 107 
 108 
The Raman spectra of diadochite and destinezite in the 900 to 1500 cm
-1
 range are displayed 109 
in Fig. 1.  The spectrum of diadochite is broad and ill defined, especially when compared 110 
with that of destinezite.  The observation of very broad bands has been previously reported 
14
, 111 
but is perhaps not unexpected as diadochite is colloidal and amorphous. Broad overlapping 112 
bands are observed for diadochite at 1005, 1045, 1085 and 1202 cm
-1
.  The Raman spectrum 113 
of destinezite is much better defined and more easily analysed.  Raman bands are observed at 114 
921, 971, 989, and 1051 cm
-1
 in a first grouping and 1184, 1266, 1342, and 1389 cm
-1
 in the 115 
second grouping.  The low intensity Raman band at 921 cm
-1
 may be due to the stretching 116 
vibration of O3POH units or to HPO4 units. Breitinger et al. identified bands in this position 117 
and assigned the band to O3POH stretching vibrations 
22, 23
. The two bands at 971 and 989 118 
cm
-1
 are assigned to the ν1 (PO4)
3-
 symmetric stretching mode.  The observation of two 119 
symmetric stretching modes provides evidence that there are two non-equivalent phosphate 120 
units in the destinezite structure.  The band at 1051 cm
-1
 and the shoulder at 1084 cm
-1
 are 121 
assigned to the ν1 (SO4)
2-
 symmetric stretching mode, while bands at 1184, 1266, 1342, and 122 
1389 cm
-1 are assigned to a combination of ν3 (PO4)
3-
 and (SO4)
2-   
antisymmetric stretching 123 
modes.  It is likely that there is coupling between these modes resulting in the broad spectral 124 
profile, which is also observed for diadochite.  A previous study suggested the spectra 125 
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obtained for diadochite were independent of the composition and the degree of amorphicity 126 
13
. This is perhaps not unexpected as the two minerals have the same formula although the 127 
amount of water hydration may vary for diadochite.  128 
  129 
The infrared spectra of the two minerals in the 500 to 1300 cm
-1
 region are shown in Fig.  2.  130 
The broad spectral profile reflected in the Raman spectrum is also observed in the infrared 131 
spectrum.  Broad infrared bands are observed at 822, 979, 1034, 1101 and 1187 cm
-1
 for 132 
diadochite. The assignment of bands for diadochite is difficult and the interpretation can only 133 
be made in terms of that of destinezite.  The infrared spectrum of destinezite shows sharp 134 
bands at 972, 999, 1028, 1044, 1117 and 1169 cm
-1
.  The assignment of bands may be made 135 
as follows: the two bands at 972 and 999 cm
-1
 may be attributed to the ν1 (PO4)
3-
 symmetric 136 
stretching mode, the band at 1028 cm
-1 is assigned to the ν1 (SO4)
2-
 symmetric stretching 137 
vibration, while the bands at 1044, 1117 and 1169 cm
-1
 are a combination of ν3 (PO4)
3-
 and 138 
(SO4)
2-   
antisymmetric stretching modes.   139 
 140 
The Raman spectrum of diadochite and destinezite in the 350 to 700 cm
-1
 region is reported 141 
in Fig.  3.  In the Raman spectrum of diadochite, weak bands are observed at 448, 487, 565 142 
and 615 cm
-1
.  The bands are again very well defined for destinezite with bands observed at 143 
368, 436, 467, 554, 607 and 624 cm
-1
. Ross 
24 
investigated the infrared spectra of selected 144 
sulphate minerals, and reported 4 SO4
2-
 bending modes at 595, 618 and 680 cm
-1
.  Ross 
24, 25
 145 
studied the infrared spectrum of römerite and observed the 2 (SO4)
2-
 bending modes at 460 146 
and 494 cm
-1
. Therefore, the higher wavenumber bands at 607 and 624 cm
-1
 for destinezite 147 
and the broad band at 615 cm
-1
 (diadochite) are assigned to the 4 SO4
2-
 bending modes, 148 
while the band at 554 cm
-1
for destinezite and the shoulder band at 565 cm
-1
 (diadochite) are 149 
assigned to the 4 PO4
3-
 bending modes.  The two bands at 448 and 487 cm
-1
 for diadochite 150 
and the two bands at 436 and 467 cm
-1
 for destinezite are attributed to the 2 (SO4)
2-
 bending 151 
modes.  The band at 368 cm
-1
 (destinezite) is likely to be the 2 PO4
3-
 bending mode.  A 152 
previous infrared study reported infrared bands at 475, 495, 560, 610 and 645 cm
-1
 for 153 
destinezite and at 370, 485, 560 and 600 cm
-1
 for diadochite 
14
, however, no assignment of 154 
bands was made. The Raman spectra of diadochite and destinezite in the low wavenumber 155 
region between 50 and 350 cm
-1
 are reported in Fig. 4.  Peaks in this spectral region are 156 
attributed to FeO stretching and bending vibrations and lattice modes.  157 
 158 
6 
 
The Raman spectra in the hydroxyl stretching region are shown in Fig.  5.   Again for the 159 
mineral diadochite the spectral profile is broad and curve resolved bands at 2998, 3236, 3428 160 
and 3533 cm
-1
 are evaluated.  The bands for destinezite are better resolved and are observed 161 
at 2933, 3185, 3334, and 3455 cm
-1
.  The infrared spectra of destinezite and diadochite in the 162 
OH stretching region are displayed in Fig.  6.  The infrared spectrum of diadochite is a broad 163 
almost featureless band, however, band components may be resolved at 2780, 3069, 3298, 164 
3376, 3429 and 3536 cm
-1
. In comparison the infrared spectrum of destinezite in the OH 165 
stretching region shows more features making the band component analysis easier.  Infrared 166 
bands are observed at 2738, 2980, 3126, 3236, 3465 and 3548 cm
-1
.  These bands are 167 
attributed to water and OH unit stretching vibrations. The higher wavenumber infrared bands 168 
for destinezite at 3465 and 3548 cm
-1
 are assigned to the stretching vibrations of the OH 169 
units. The observation of many water OH stretching bands suggests that water molecules with 170 
varying hydrogen bond strengths exist in the structure of both destinezite and diadochite.  171 
Multiple water stretching bands are reflected in the water bending region (Fig.  7), where 172 
infrared bands are observed at 1640 and 1681 cm
-1
.  These bands are attributed to the water 173 
bending mode. The observation of two distinct bands supports the concept of non-equivalent 174 
water molecules with different hydrogen bond strengths.  The observation of multiple water 175 
bending modes has been previously observed and reported 
14
.   176 
 177 
Implications for soil science 178 
 179 
The two minerals diadochite and destinezite are commonly found in soils worldwide 
13
. The 180 
presence of the minerals provides evidence for soil fertility, as the minerals act as a phosphate 181 
and sulphate sink.  The origin of relatively stable destinezite from diadochite gel-like medium 182 
in clayey parts of mineral dumps and similar media including soils, thus represents the 183 
possibility of phosphate/sulphate capture in the solid-solution phase and makes a sink for the 184 
free migration of phosphate into surroundings.  The name diadochite is given to earthy, 185 
poorly ordered, X-ray amorphous materials that approximate destinezite in composition.   186 
 187 
Conclusions 188 
 189 
The two minerals diadochite and destinezite Fe
3+
2(PO4,SO4)2(OH)·6H2O have been 190 
characterised by their Raman and infrared spectra. The spectra of diadochite are broad 191 
whereas the spectra of destinezite are better defined. This is not unexpected as the mineral 192 
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diadochite is amorphous and destinezite is well crystallized. The spectra are related to the 193 
mineral structure.   194 
 195 
The question must be asked: are the two minerals identical.  Such a question cannot be 196 
answered by XRD.  Raman spectroscopy goes someway to showing some similarity in the 197 
spectra of the two minerals.  However this is not definitive as the spectra of diadochite are so 198 
broad.  The question remains unanswered. 199 
 200 
Multiple water stretching vibrations and multiple water bending modes support the concept of 201 
non-equivalent water molecules in the diadochite/destinezite structure.  It is proposed that 202 
these water molecules are important in the stabilization of the mineral. Different water 203 
molecules are involved in the mineral structure with different hydrogen bond strengths, as is 204 
evidenced by the position of the water bending modes.  Two phosphate and two sulphate 205 
symmetric stretching modes are observed validating the concept of non-equivalent phosphate 206 
and sulphate units in the diadochite/destinezite structure. Such structural observations are also 207 
supported by the multiple bands in the infrared spectrum.  Multiple bands in the Raman 208 
spectra in the sulphate and phosphate bending regions provide evidence for the reduction in 209 
symmetry of both the phosphate and sulphate units.  210 
 211 
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